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“ STATISTICAL PROBLEM GUIDE”

PURPOSE

This guide wll:

Assi st in-plant and staff personnel in using
Contractor data/(information) systens to answer
guestions about contractor performance.

Hel p DCMC personnel organize, analyze and use
Data (information) to answer perfornmance
gquesti ons.

Assi st staff personnel in using in-house data
systens to answer nmanagenment and perfornmance
gquesti ons.

Hel p explain/review statistical tools that can
be used to answer in-plant and staff questions.

Revi ew SPC control Charts and how to use t hem

Provi de DCMC personnel w th sonme deci sion nmaki ng
Qui dance and provide rationale for selecting the
proper tool to answer in-plant and nmanagenent
gquesti ons.

Expl ain how to use sone of the tools in “EXCL
and Powerpoint for Wndows” Statistical and
graphi c software packages, and |l et the conputer
execut e/work for you.



FOREWARD

| nt roducti on:

These systens:

The Defense Contract Managenent Conmmand
(DCMC) has devel oped a DCMC hone page
on the Internet. Also,available
through the internet is the DLA hone
page. Both hone pages provide a

pl ethora of data to all DLA/ DCMC
personnel through various information
systens. These information systens can
assi st in accessing performance
measures and in establishing priorities
for daily agency business. The data
retrieval systemcalled “Power Play”
has been extrenely hel pful in obtaining
data as well as providing the
capability to slice and dice this data
into neaningful netrics. The recent
establ i shment of the Shared Data

War ehouse, (SDW data bases and the
ability to use “Power Play” has greatly
enhanced DCMC/ DLA data anal yses.

focus externally on the DLA/ DCMC
cust oner.

can neasure effectiveness and
efficiency against past performance
and rel ated performance standards.

can greatly assist in preparing
Mont hl y Managenent Revi ew (MWR)
dat a.

can assist in-plant and staff
personnel on where to concentrate
their efforts.

Executive | evel managers will use

this systemto see where their

organi zations are, where they have been
and where they are going.



FORWARD, CONTINUED

Backgr ound: For many of us statistics are at best
difficult with form dabl e obst acl es.
The ability to devel op, analyze and use
data has been and continues to be a
probl em both in-plant and at the
manageri al |evel.

Goal / Al m The purpose of this guide is to provide
Practical problens/exanples for both
i n-plant and managenent DCMC per sonnel
and use basic statistical tools to
effectively solve these problenms. The
overall goal is to get you to think
statistically rather than anecdotally
whet her worki ng i n managenent, on staff
or in-plant. The gui de provides DCMC
personnel with a reference of
systematically solved statistical
problens including all the different
types of Statistical Process Control
(SPC) charts as well as other problens
inreal world settings.

Requi renent s: In order to better learn fromthis
guide, vyou will need to able to access
and use Power poi nt and EXCEL software
for windows. You wll need at |east
2-3 hour block of uninterrupted tine
to input and get products from
Power poi nt software as you foll ow
t hrough the gui de.

Questions to ask and answer!

How can we Paint a Picture of the Information?

How can we describe the Norm in the information?
What does the spread of the data look like?

How do we determine which statistical tool to use?

How do we ascertain process capability and performance?
How can we make management predictions?

How can we make management decisions?

Do relationships exist between different groups of data?
How can we determine the strength of relationship?

0. Can we model relationships to make Management
predictions/decisions?
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Overview

The following is a systematic approach to use
when sol ving problens that require the use of

mat hemati cs and/ or statistics:

Read the information that is avail able.
Try to get an insight into what is happening. You
may even wish to formyour own hypothesis fromthe
i nformati on.

* What is in the picture? Do we have data? |Is the
data available? Is the data variable or attribute?

* |s the data in a formwe can use to analyze it? How
do we show the spread of the data?

* Can we use an EXCEL spread sheet to record and mani pul ate
t he data?

*  Can we create graphs? What kind: Run charts,
Hi st ograns?

*  How do we display graphs: histogranms, run charts,
control charts, and others.

* Can we do a Custoner Satisfaction Score Chart? Wat
does it tell us?
What picture is the nost appropriate to use?
Can we sunmarize our work?
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Exanpl e #1
This is an exanple for a district staff or in-plant
beMC per sonnel .

Lately there have quite a nunber of transforners
made by ABC corporation that need rework or have to be
scraped. This additional tinme may cause the contract to be
delinquent. The Governnent Plant Representative talks with
the contractor’s Quality control who states that a nunber of
new i nspectors have been hired and they are really strict.
Anot her Contractor’s QC person thinks that the conpany has
been dealing with a couple of new vendors.

You nmust alert the custonmer to what is happening.
What do you do? G ve a anecdotal response based on what the
contractor’s people have told you, or do sone you own
research to find out the actual/real cause of the problen(s)
facing this conpany. W won’'t really know until we begin to
think statistically. You nust ask yourself the question, if
the new i nspectors are finding problens now, why haven't you
found these probl ens before when | ooking at these
transformers when perform ng product audits. You need to
see what data is available to nore closely analyze the
probl em si tuati on.



The contractor’s data on a transforner shows the
followng First Pass Yield Data:

TYPES OF DEFECTS

# UNITS # DEFECTS 01 02 03 04 DATE
40 6 4 0 1 1 7/ 15/ 96
40 4 1 2 0 1 8/ 10/ 96
30 1 0 1 0 0 8/ 31/ 96
30 5 1 2 1 1 9/ 05/ 96
40 6 2 1 1 2 9/ 15/ 96
30 4 1 2 1 0 9/ 20/ 96
30 5 2 2 0 1 9/ 30/ 96
30 5 1 3 1 0 10/ 05/ 96
30 6 2 3 1 0 10/ 08/ 96
30 8 3 2 1 2 10/ 22/ 96
30 8 4 2 1 1 10/ 28/ 96
40 10 6 3 0 1 11/10/ 96
40 8 5 2 1 0 11/ 15/ 96
30 12 8 2 1 1 11/ 30/ 96
40 12 7 3 0 2 12/ 06/ 96
30 11 7 2 1 1 12/ 15/ 96
40 14 10 1 2 1 12/ 21/ 96
30 13 9 2 1 1 1/ 05/ 97
30 12 9 3 0 0 1/ 11/ 97
30 13 9 1 2 1 1/ 15/ 97

Total s 163 91 39 16 17

DEFECT CODES 01

H GH POT FAI LURE

02 = LOWV QUTPUT VOLTAGE
03 = WORKMANSHI P DEFECTS
04 = UNBALANCED QUTPUT VOLTAGE

QUESTI ONS:

What shoul d be done?

1 Determ ne the First Pass Yields?

2 What does this data show you?

3. Wat else do you want to do with this data?

4 How do you interpret the chart(s) that you nade?
5 Should a Cl O be issued? Wiy? or Wiy not?



EXAMPLE #1

Calculations

FIRST PASSYIELD = Tota number of good unit
Total number of units

— Tot units = 40 Defectives = 6 Good =34
— FPY = 34/40 =.8500 = .85 or 85%
This data should be placed on a Trend/Run chart and analyzed.

Use“ EXCEL” to enter the data and Powerpoint to draw the line graph.
Note how easy it isto import the data sheet from EXCEL to
Powerpoint.

Note that due to the small number of defect codes, it is not necessary to
place these data on a Pareto chart. We should be able to see that the
major problem is high pot failures.

If in-plant, a ClO may beissued. We should first speak to the
contractor to see whether or not he is aware of the new high number of
high pot problem and the new vendor supplying them.
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EXAMPLE #1
|

First Pass Yield: Transformer nonconformances

FIRST PASS YIELD

Month % Yield
15-Jul 85 120
10-Aug 90
31-Aug 97 100
5-Sep 83
15-Sep 85 )
20-Sep 87, 80 -
30-Sep 83
5-Oct 83
8-Oct 80 60 1
22-Oct 73
28-Oct 73 5l
10-Nov 75
15-Nov 80
30-Nov 60 20
6-Dec 70
15-Dec 63
21-Dec 65 0
5-Jan 57 ~
11-Jan 60 ¥
15-Jan 57

> o &
G C R G B K

—&— Seriesl
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EXAMPLE #1

First PassYield: Transformer Nonconformances

% YIELD

100
80
60
40
20

0

7/15/96  8/15/96 9/15/96 10/15/96 11/15/96 12/15/96 1/15/97

DATE

—— Percent Yield




SUMMARY

Whet her using EXCEL or Powerpoint’s graphic capabilities,
(both provided), the First Pass Yield exhibits a continuous
downward trend and a significantly |arge nunber of high pot
failures. The high pot failures started to becone a serious
problem starting in Novenber when the contractor hired a new
vendor to supply the high pot conponents. Over the next 2
nont hs high pot failures have greatly increased. Before
Novenber the highest high pot failures found in any | ot was
4. After Novenber the small est nunber of high pot failures
was greater then 4 having an average of 7.77 failures for
every 30 tested. Contractor Quality control finds the
defects and has them fi xed, however, no anal yses are
perfornmed on the statistical data available. The rework is
time consumng and getting totally out of control thus,
threatening the transformer delivery schedul e.

A Conti nuous | nprovenent Qpportunity (ClO should be issued
to the contractor explaining all of the findings. A
corrective action should al so be issued outlining the
problemthis contractor is having with vendor supplied
parts/ conponents.



Exanpl e #2
This is an exanple useful to DCMC i n-plant QA
personnel, and District/CAO staff and engi neers.

The custonmer w shes to know what is the biggest
problemw th these boards? They are receiving themlate and
their reliability |eaves much to be desired. A reliable
menber of the of the contractor Quality Control and testing
Division tells you that the problemis that the new sol ders
hired frequently have problens with excess sol der,
insufficient solder and cold solder joints. Note that an
anecdotal response would be to just parrot the contractor’s
QC man’ s response to your custoner. But we can and wll do
better. Looking at the specific PC board in question for
critical defects the follow ng defects were detected:

Def ect Codes
Dat e Sanpl e Size 6015 6016 6017 6018 6019 6020 6021 6022 6023 6024

01703797 50 3 0 2 1 0 0 0 3 0 0
01/ 04/ 97 50 0 0 2 0 0 0 0 0 0 4
01/ 05/ 97 50 0 0 3 0 0 0 1 2 0 3
01/ 08/ 97 50 2 0 2 0 0 1 0 2 0 0
01/ 09/ 97 50 1 0 4 0 0 0 0 0 0 1
01/ 10/ 97 50 0 0 1 0 0 0 0 1 0 0
01/ 13/ 97 50 0 0 3 0 0 1 0 1 0 0
01/ 14/ 97 50 0 0 2 0 0 0 0 0 1 1
01/ 15/ 97 50 0 0 0 0 0 0 2 0 0 2
01/ 17/ 97 50 3 0 4 0 0 0 0 1 0 0
01/ 18/ 97 50 4 0 2 0 0 1 0 0 0 0
01/ 19/ 97 50 0 0 3 0 1 0 0 0 0 1
Total s 600/ 72 13 0 28 1 1 3 3 10 1 12
CODES DESCRI PTI ON COST_OF DEFECT
6015 Col d sol der joint $ 40.00
6016 Wor kmanshi p $ 7.50
6017 Excess sol der $ 25.00
6018 Fl ux excess $ 10.00
6019 Bur ned j oi nt $ 95.00
6020 Di sconnected or broken | ead $ 20.00
6021 Br oken | C conponent $ 400. 00
6022 Lifted circuit pad $ 80.00
6023 Cracked PC board $ 400. 00

6024 | nsuf ficient sol der $ 15.00



QUESTI ONS?

What shoul d be done?
1. Analyze the data above.
2. What is Stratification? Can data mask the real problens?
3. What are your 3 worst probl ens?

(Hnt) a. Stratify by nunber of defects

b. Stratify by total cost

4. Are the problens the sane when stratified differently?
5. Find Defects Per Unit (DPU) and Defects Per Qpportunity
(DPO), given that each PC board has 100 opportunities for
def ects.
6. What action, if any, should be taken?
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EXAMPLE #2

PARETO CHART (DEFECTYS)

CODES

6017

6015

6024

6022

6020

6021

6018

6019

6023

6016

Page 1



Sheet2

EXAMPLE #2

PARETO CHART (DOLLARS)

CODES |COST IN $3$

6021 $ 1,200
6022| $ 800
6017| $ 700
6015 $ 520
6023 $ 400
6024| $ 100
6019 $ 95
6020 $ 60
6018 $ 10
6016 $ -

Page 1



EXAMPLE #2

PARETO CHART (DEFECTYS)

40.0%
35.0% -
30.0% -
25.0% -
20.0% -
15.0% 1
10.0%

5.0%

0.0% -

% of all
defects

6017 6015 6024 6022 6020 6021 6018 6019 6023 6016
Codes

@ % DEFECTS




EXAMPLE #2

PARETO CHART (DEFECTYS)

$1,200 1]

$1,000 11

$800 -

Costin $$$ $600 1
$400 -

$200 1

$0 -

6021 6022 6017 6015 6023 6024 6019 6020 6018 6016
Codes

@ COSTIN $$$




EXAMPLE #2

DEFECTS PER UNI' T (DPU); PER OPPORTUNI TY ( DPO)

SAMPLE SAMPLE NO O OPPRTUN DPL DPC
NUMBER Sl ZE DEFECTS FOR DEF VALUE VALUE
1 50 9 5000 .18 . 0018
2 50 6 5000 .12 . 0012
3 50 9 5000 .18 . 0018
4 50 7 5000 .14 . 0014
5 50 6 5000 .12 . 0012
6 50 2 5000 .04 . 0004
7 50 5 5000 . 10 . 0010
8 50 4 5000 . 08 . 0008
9 50 4 5000 . 08 . 0008
10 50 8 5000 . 16 . 0016
11 50 7 5000 .14 . 0014
12 50 5 5000 . 10 . 0010
TOTAL 600 72 60000 .12 . 0012



SUMMARY

Note that the guide provides Pareto chars made by both EXCEL
and Powerpoint. Wen the data is stratified according to

t he nunber of defects, the 3 worst problens are: Excess

sol der, cold solder joints and insufficient solder. Wen

| ooki ng at cost as the nost inportant factor, the 3 worst

defects are: Broken |IC conponent, lifted circuit pad and
Excess solder. In conclusion, you need to know exactly what
is nore inportant to the custonmer? Mney or Tine. It seens

that the buying command may be interested in both since they
are dissatisfied with the delivery tinme as well as the
reliability. Looking at the defects per unit the average

is 12% Wen | ooking at the defects per opportunity we see
that that is just a little nore than .1% This is an
intricate itemand there are a | ot of opportunities to nake
errors/ mstakes. The contractor either needs very good and
t horough inspectors or a piece of autonated test equi prment
to do the job



Exanpl e #3
This is an exanple useful to DCMC QA i n-pl ant
personnel as well as District and CAO staff personnel

DCMC recei ved a congressional conplaint that an in-
plant Quality Assurance Representative (QAR) was rejecting
material in a plant of one of her constituents w thout just
cause. It seens that a QAR in XYZ corporation has issued a
Corrective Action Request (CAR) to this contractor for using
Orings froma process that has a Cpk (Performance index) of
.66667. A check of the contractor’s process has shown the
Cpk value to be accurate. The contractor uses statistical
control charts to nonitor and control the process. A note
on the drawi ng requires sanpling in accordance with M L-STD
105E Ceneral inspection level 11, AQ 4.0%

The contractor was irate at receiving this CAR and
contacted his congressnman. The contractor clains that a
Cpk = .66667 far surpasses the M L-STD 105E requirenent.

Assune a |lot size of 1500, with specifications of
6.650 +/- .125

Questions to be answered by DCMC personnel; in-plant,
District or CAO staff:

VWho is right?

Wy are they right?

What can we do to ascertain who is correct?

What can we do to substantiate our findings?

VWhat if the AQL was at 1.0% would your findings still
be the sane?

Wiy or why not?

o kohR



Sol ution H nts:

1. \What does .66667 Cpk nean?

2. \What is the percent defective for a Cpk Of .666677?

3. What is the difference between Cp and Cpk?

4. \Wat is the sanple size for a ot of 15007

5. Wiat is the maxi num percent defective for an AQL
of 4.0%

6. |s the process centered?

7. Wio is right, the QAR or the contractor?

8. Do the sane analysis for an AQL of 1.0%

Sol uti on:

Cp is the process capability index nmeasuring the
process spread with no regard to where it is centered. Cpk
is the process performance i ndex which conpares the nean of
the process to the nomnal or nean tol erance di nension.
Since 3 tines the Cpk is equal to the “z” value of a
standard normal distribution; 3 X .66667 = 2.000 or shows a
m ni mum of 95. 44% good product or a maxi num of 4.56%
defective. Wiy a maxi mun? Because Cpk = M N(Cpu, Cpl), so
the Cpk is the smaller of the 2 values. Only if the process
is exactly centered over the nom nal or nean tol erance
di mrension will Cpu(Cp upper value) and Cpl (Cp | ower val ue)
be equal ; exactly having 2.28% defective on both sides or
4. 56% maxi num def ecti ve.

M L- STD- 105E Table | says, that a |lot size of 1500

level 1l requires a sanple size code letter “K'; this is
125. Wth an AQL of 4.0% the Accept/Reject criteriais
Accept = 10 and Reject =11. This means you nay accept the

entire ot of 1500 as |Iong as you do not have nore than 10
defectives in the lot of 125. 10/125 = 8.00% this is

al nost twi ce as many defectives as the contractor’s process
is actually producing. The QAR should w thdraw his
corrective action request under these conditions.

When the AQL is 1.0% the accept/reject criteria is
Accept = 3, Reject = 4. 3/125 allows a total of 2.40%
defective. As you can see fromthe above cal cul ations the
Cpk = .66667 produces a m ni num of 2.28% defective and a
maxi mum of 4.56% defective. 1In this case the QAR could be
justified in issuing a Corrective Action Request (CAR)
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SUMMARY

Thi s exanpl e shows us that we nust be very careful in
interpreting Cp (Capability Index) and Cpk (Perfornmance
| ndex) values. W can not just go by the tables published
in nost books that say that if the Cpk is below 1.0, the
process is not neeting Specifications, or that Cpk’s between
1.0 and 1.33 are only nomnally neeting specifications.
Renmenber that the contractor and buying activity are both
bound by the terns of the contract. These are the criteria
that the contractor nust neet. Hopefully, as buying
commands becone nore sophisticated, Cpks will be called out
in the contracts. Until that tinme you have your work cut
out for you!



Exanpl e #4
This exanple is for an DCMC i n-plant or staff
speci al i st

ABC Corp. is producing one-inch dianeter shafts for
transm ssions. The contractor knows that sone of the
production is out of tolerance. However, he is hoping that
they will be accepted through the Material Review Board
(MRB) as “use as is”. You ask the contractor for a set of
data to review the process. The contractor is reluctant but
provi des you the data that produced the |ast 20 point
entries on his process control chart. These data are actual
measurenents of 100 shafts taken in subgroups of 5. The
specification is 1.06” +/- 0.06”

Therefore the Lower Spec Limt (LSL) = 1.000"
the Upper Spec Limt (USL) = 1.120"
Actual Automated Data Set:
1 1.094 1. 061 1.111 1.116 1. 085 1.097 11/30 0700
2 1.091 1.100 1.083 1. 052 1.103 1.118 11/30 0730
3 1.085 1. 090 1.072 1.100 1. 092 1.070 11/30 0800
4 1.110 1.133 1.134 1. 075 1.107 1.102 11/30 0830
5 1.110 1.127 1.121 1. 086 1. 093 1.125 11/30 0900
6 1.115 1.105 1.115 1. 097 1. 150 1.107 11/30 0930
7 1.087 1. 079 1. 104 1. 049 1.129 1.073 11/30 1000
8 1.106 1. 104 1.142 1. 099 1. 095 1.088 11/30 1030
9 1.086 1.076 1. 095 1. 091 1. 070 1.098 11/30 1100
10 1.120 1.118 1.132 1.142 1.129 1.073 11/30 1130
11 1.117 1.102 1. 093 1.141 1.136 1.111 11/30 1200
12 1.113 1. 063 1.130 1.136 1.116 1.118 11/30 1230
13 1.108 1. 092 1. 074 1. 104 1.147 1.125 11/30 1300
14 1.081 1. 080 1. 106 1. 067 1. 074 1.080 11/30 1330
15 1.106 1.083 1. 067 1.111 1.128 1.142 11/30 1400
16 1.112 1. 063 1.108 1.126 1. 144 1.120 11/30 1430
17 1.106 1.136 1.127 1. 047 1.128 1.092 11/30 1500
18 1.118 1.133 1.111 1.102 1. 097 1.147 11/30 1530
19 1.085 1. 068 1.108 1. 097 1.073 1.079 11/30 1600
20 1.102 1. 085 1.139 1.137 1.077 1.074 11/30 1630
Field 1 is Sanpl e Nunber
Field 2 is the average of the 5 values (plot point)
Field 3 is Reading #1
Field 4 is Reading #2
Field 5 is Readi ng #3
Field 6 is Reading #4
Field 7 is Readi ng #5
Field 8 is a 1997 Date
Field 9 is Tinme



The buyi ng command has informed us that the | arger dinension
up to 1.160 will fit and do not seemto affect form fit or
function, at least in the short term They also informus
that there are many nore contracts com ng for these

transm ssion shafts. W are told that since the draw ng

tol erances represent the optinmal situation, they will not be
changed and that future out of tolerance shaft will not be
accepted via MRB. How do we proceed under these conditions?

QUESTI ONS:

What shoul d be done?

Make a histogram of all the neasurenents.

Cal cul ate the nean/average of the data.

Cal cul ate then standard devi ati on.

Interpret the Contractor’s Xbar and R charts.
What do these charts tell us?

Cal cul ate the Cp and Cpk of the process.

What % is out of tolerance now?

| f the process nean was shifted for an optinmum
condi tion, what % woul d then be out of tolerance.
(Need to re-cal cul ate Cpk)

9. Should a CIO be witten? Wat would it say?

ONoThwhE
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EXAMPLE #4

If made properly, the Histogram can show about 28%
of the actual readings out of tolerance.

Range of the 1st reading is 1.116 - 1.061 = .055
R = Total Ranges =1.168 = .0584
Total # Sets 20

X = Total of Xs = 22.059 = 1.10295

Total # Sets 20
UCLX =X +A R = 1.10295 + (.577)(.0584) = 1.13663
LCLx = X - AR = 1.10295 - (.577)(.0584) = 1.06926
UCLr = D,R = (2.114)(.0584) = 123486
LCLr = D;R = (0)(0584) = 0.0




EXAMPLE #4

X BAR CHART
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EXAMPLE #4

R BAR CHART
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0.12
0.1
0.08 . e
o6 CL=058 /N A SN
0.04
v,
0.02 _ \/
Jl_LCL=00
1 2 345 6 7 8 91011121314 151617 18 19 20
SAMPLE NUMBERS

—— SHAFT DIAMETERS RANGES




EXAMPLE #4

Process Capability & Performance

it

o = E = ,0384 = .025107 note: d2= 2.326 forn = 5
d,

2.326
Cp= TOTTOL = .12 = 796575
60 6(.025107)

Normally you would not calculate Cpk, but because of the
question about shifting the mean...

Cpk = Min(Cpl,Cpu) = Cpu = USL-X = .017505 = .2264
30 075321

Where: Cplis Cp lower Cpk is always the minimum of the
Cpuis Cp upper two values, therefore Cpk =.2264




SUMMARY

What did the histogramtell you? It should have told you
that the process was not centered around 1.06” but sonething
much higher. Calculating the nean taking all the values =
22.059/20 = 1.103. Looking at the contractor’s Xbar control
chart we see that the process is in control, and although no
poi nt has gone beyond 1.120 many i ndi vi dual val ues are
beyond this upper specification limt. Looking at the Range
chart variance per sanple is relatively large with a Rbar of
.0584. The Cp value of .8 neans 2.4 standard devi ations
are covered by the spread or a % defective of 1.62 (.82% out
of tolerance on each side) if the process were centered on

t he Mean Tol erance D nension (MID). However, this not
centered there. The Cpk of .2264 on the high side shows a
percent defective of 24.83% When neasuring the | ow side we
get a percent defective of |ess than .0001% So you can see
that if we center the process, making the Cp = Cpk = .8, we
can reduce the percent defective 15 fold, from 24.83%to
1.62% A Cl O should be issued explaining how the current
process can be i nproved.



Exanpl e #5
This exanple is for a DCMC i n-plant or staff
speci al i st

A contractor was maintaining records of final
i nspection. The final inspection of an el ectronic device
call ed for checking many characteristics. Although the
report formused in final inspection |isted sone 20 possible
causes for rejection, nost of these rejections were based on
4 or 5 of these causes. The contractor has been running
about 31% defective product on his final inspection.

The contractor has provided you with his data for Jan 6,7
and 8. The use of an attribute “p” control chart is nost
ef fective when sanples are large, that is greater than 50,
or when the expected nunber of defective units per sanple
are “4” or nore. Also note that out of control conditions
can nmean that quality is poor, or that the contractor has a
faulty inspection system It is worth investigating to:

1. Ascertai n assignabl e causes

2. Ascertain variation of the process

3. Ascertain howto inprove the quality |levels of the

process
Conpany Data Sheet:

1 176/ 97 200 72 404
2 176/ 97 100 53 404
3 176/ 97 300 133 404
4 176/ 97 100 19 404
5 176/ 97 300 136 404
6 176/ 97 200 82 404
7 177797 300 132 404
8 177797 200 55 404
9 177797 200 64 404
10 [ 177797 300 129 404
11 [ 177797 300 79 404
12 [ 177797 200 72 404
13 [ 1/8/98 200 47 404
14 [ 178/ 97 300 78 404
15 | 178/ 97 100 38 404

Field 1 is Record Nunber
Field 2 is Date

Field 3 is Nunber inspected
Field 4 is Nunber defective
Field 5 is Wrk center Nunber



QUESTI ONS:

VWhat shoul d be done?

1. Make a ‘p’ control chart.

2. What are the fractional defectives?

3. Is the contractor’s process in control?
4. What did you find out?

5. Make a trend chart. Is there a trend?
6. What action should be taken?

Fracti onal Defective Data Chart:

NO. Dat e No. Inspct | No. Deft |Fract Deftve
1. 176/ 97 200 72 0.36

2. 176/ 97 100 53 0.53

3. 176/ 97 300 133 0. 44

4. 176/ 97 100 19 0.19

5. 176/ 97 300 136 0. 45

6. 176/ 97 200 82 0.41

7. 177797 300 132 0. 44

8. 177797 200 55 0.28

9. 177797 200 64 0.32

10. |1/ 7797 300 129 0.43

11. |1/ 7797 300 79 0.26

12 [ 1/7/98 200 72 0.36

13. [ 1/8/97 200 47 0.24

14. [ 1/8/97 300 78 0.26

15. | 1/8/98 100 38 0.38

Does

it mtter?



EXAMPLE #5

‘P" CHART FORMULAS

Center Line CL=p p = Number of Nonconforming Units

Total Number of Units inspected

Upper Control Limit=UCLp = p = +3ﬁ (1-D)

n

Lower Control Limit=LCLp= p=-3 /5(1 - p)
V n
EG., CL = 1189 = .3603 = .36 = p

3300



EXAMPLE #5

‘P CHART FORMULASCONTINUED

Upper Control Limit =UCLp = .36 = +3 /36 (1-.36) =.462

\Y 200
Lower Control Limit =LCLp = .36 = -3/.36 (1-.36) =.258
200

Unfortunately, new limits must be calculated for every new
“n” unless all “n’s” are within 25% of each other.
Fortunately in this problem, there are only 3 differentn’s
namely: 100, 200 and 300.

Note the out of control points: 2 above at points 2 & 5, and
3 below at point s 4, 13 & 14.



EXAMPLE #5

‘P" CHART

% D

‘/._,\‘_./._,\/‘
’7 \/ I~ _—

0.4 = S
CL =.36 : / N 7 ) Y
0.3 ——

N =<

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SAMPLE NUMBER
—— UCL -- Fractional Defective — LCL




SUMMARY

What did the control chart tell you? It should have told
you that there appears to be nunerous special/assignhabl e
causes present in the process. Elimnation of these special
causes i s paranount before this process wll ever be in-
control. Then, and only then can we start to worry about
the comon causes. This is also the major reason that trend
charts under these circunstances will not tell us very much.
Assi gnabl e causes will skew any trend chart whenever they
occur. This process should be continually nonitored. It
woul d seemfromthe data provided, that even after the

assi gnabl e causes are elimnated, nuch nore work will still
be needed to reduce commopn causes. Please also note that
when dealing with attribute data, Cp and Cpk val ues can not
realistically be calculated. A Cl O should be issued

poi nting out that there are special/assignabl e causes
affecting this process. |Identification of these causes can
only inprove this process.



Exanpl e #6
This exanple is for a DCMC i n-plant or staff
speci al i st

A contractor was maintaining records of a final
assenbly process. The inspection tested different
alignments of critical parts. The contractor has provided
you with his data for Feb 6,7 and 8. The use of an
attribute “c” control chart is nost effective when
circunstances dictate a significant nunber of defects on a
single item e.g., rivets on an aircraft wing or the nunber
of nonconformties of all types observed in the inspection
of sub assenblies and final assenblies of many conpl ex
itens. Belowis a Conpany Data Sheet. The nunbers seemto
indicate either a degradation of quality or an increase in
strictness on the part of the inspector.

Conpany Data Sheet:

1 2/6/97 | 101 7 501
2 2/6/97 | 102 6 501
3 2/6/97 | 103 6 501
4 2/6/97 | 104 7 501
5 2/6/97 | 105 4 501
6 2/6/97 | 106 7 501
7 2/6/97 | 107 8 501
8 2/6/97 | 108 12 501
9 276797 | 109 9 501
10 |[2/6/97 | 110 9 501
11 [2/6/97 | 111 8 501
12 [2/6/97 | 112 5 501
13 [ 2/6/98 | 113 5 501
14 [2/6/97 | 114 9 501
15 |[2/6/97 | 115 8 501
16 |2/6/97 | 116 15 501
17 [2/6/97 | 117 6 501
18 [2/7/97 | 118 4 501
19 [2/7/97 | 119 13 501
20 | 2/7/97 | 120 7 501
21 [ 277797 | 121 8 501
22 | 277197 | 122 15 501
23 | 2/7/97 | 123 6 501
24 [ 2/7197 | 124 6 501
25 | 2/7/97 | 125 10 501

Field 1 is Record Nunber

Field 2 is Date

Field 3 is the unit nunber
Field 4 is Nunber of defective
Field 5 is the Inspector Nunber



Conpany Data sheet:

26 | 2/ 7797 126 7 501
27 | 277797 127 13 501
28 |2/ 7797 128 4 501
29 |2/ 7797 129 5 501
30 |2/7797 130 9 501
31 [2/7797 131 3 501
32 (277797 132 4 501
33 [2/7797 133 6 501
34 [ 2/7797 134 7 501
35 |2/7/97 135 14 501
36 | 2/7/97 136 18 501
37 |2/7797 137 11 501
38 [2/8/98 138 11 501
39 [2/8/97 139 11 501
40 |2/8/97 140 8 501
41 [ 278797 141 10 501
42 [ 278/97 142 8 501
43 [ 278797 143 7 501
44 [ 278797 144 16 501
45 [ 2/8/97 145 13 501
46 | 2/8/97 146 12 501
47 [ 278/97 147 9 501
48 [ 2/8/97 148 11 501
49 [2/8/97 149 11 501
50 |2/8/97 150 8 501
Field 1 is Record Nunber

F
F
F
F

eld 2 is Date

eld 3 is the unit nunber

eld 4 is Nunber of defective
eld 5 is the I nspector Nunber

QUESTI ONS:

VWhat shoul d be done?

W ke

©CoOoNSO O~

Ascertai n assi gnabl e causes

Ascertain variation of the process

Ascertain how to inprove the quality |levels of the
process.

Make a ‘c’ control chart.

What is the average nunber of defects?

s the contractor’s process in control ?

What did you find out?

Make a trend chart. |Is there a trend? Does it matter?
What action, if any, should be taken?



EXAMPLE #6

TREND CHART

NS PO D B P D
Sample Number

—— Number of Defects




EXAMPLE #6

‘C" CHART

Center Line = CL = ¢ = Total Number of Defects

Total Number of Units
Cc = 436/50 = 8.72

UCL= ¢+3Vc LCL=c-3Vc
UCL = 8.72 + 3 V(2.953) = 17.58
LCL = 8.72 - 3 V(2.953) = -.13 therefore =0.0

NOTE: There is one out of control point.




EXAMPLE #6

‘'C' CHART
UCL = 17.6
. . R
ClL = <g.\72 /\ ]\ /\ R A / \“‘\ R /\\ X
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LCL = 0.0
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SUMMARY

What did the control chart tell you? It should have told
you that there appears to be a special/assignabl e cause
present in the process. Elimnation of this special cause

i s paranount before this process will ever be in-control
Then, and only then can we start to worry about the conmon
causes. The trend chart seens to confirmyour suspicions
that either the process is getting worse or the inspectors
have becone nore strict. Was there any indication that the
conpany inspector changed his criteria of inspection? |If
not, a degradation of the process seens to be occurring.
After correcting the special cause, identification of
exactly what defects are occurring would be in order. Then,
pareto charts etc. This process should be continually
monitored. A Cl O should probably be issued pointing out
that there is/are special/assignable cause(s) affecting this
process.



Exanpl e #7
This exanple is for a DCMC i n-plant or staff
speci al i st

A contractor was naintaining records of an assenbly
process. The inspection was an in-process audit of painted
itens before noving to the next production center. The U
Chart is particularly effective when the nunber of defects
possible on a unit is large, there are a different nunber of
multiple units inspected, and the percentage for any single
defect is small.

Revi ew of the data revealed that the defects varied
fromin control to out of control conditions dependi ng upon
the shift doing the inspection. Several factors should be
i nvesti gat ed:

1. Wiich shift is the production fron?

2. What kinds of defects are being found since that data
was not provided?

3. Is the strictness of the inspector a factor and are
t here defined i nspector instructions?

Conpany Supplied Data Sheet:
1 2/1/97 |[D]| 13 6

2 21797 | S| 12 4

3 21797 |G 7 3

4 2/2/97 |D| 19 6

5 2/2/97 |S| 14 5

6 2/2/97 |G 9 2

7 2/3/97 |D| 18 6

8 2/3/97 |S| 13 4

9 2/3/97 |G 6 2

10 | 2/4/97 |D| 24 6

11 | 2/4/97 |S| 15 5

12 | 2/4/97 |G 6 3

13 | 2/5/97 |D| 16 7

14 | 2/5/97 |S| 11 4

15 [ 2/5/97 |G| 20 3

16 | 2/6/97 |D| 16 4

17 | 2/6/97 |S| 29 4

18 | 2/6/97 |G 3 2

19 [ 2/7/97 |D| 21 6

20 [2/7/97 [S| 20 4

21 217797 |G 2 2

22 | 2/8/97 |D| 14 3

23 |[2/8/97 |[S| 10 2

24 [2/8/97 |G 3 1

TOT 321 94
Field 1 is Record Nunmber
Field 2 is the Date

Field 3 is the shift designator
Field 4 is Nunber of defects



Field 5is the Units inspected



Readi ng Extracted Data from Data Set

1 [2/1/97 |[D]| 13 6 [2.2
2 | 2/1/97 |S| 12 4 3.0
3 [2/1/97 |G 7 3 2.3
4 |2/2/97 |D| 19 6 |3.2
5 [2/2/97 |S| 14 5 |2.8
6 |2/2/97 |G 9 2 |45
7 |2/3/97 |D| 18 6 |3.0
8 [2/3/97 |S| 13 4 3.3
9 [2/3/97 |G 6 2 |3.0
10 | 2/4/97 |D| 24 6 |4.0
11 | 2/4/97 |S| 15 5 |3.0
12 | 2/4/97 |G 6 3 2.0
13 | 2/5/97 |D| 16 7 2.3
14 | 2/5/97 |S| 11 4 2.8
15 | 2/5/97 |G| 20 3 6.7
16 | 2/6/97 |D| 16 4 4.0
17 | 2/6/97 |S| 29 4 7.3
18 | 2/6/97 |G 3 2 |1.5
19 [ 2/7/97 |D| 21 6 |3.5
20 [2/7/97 [S| 20 4 5.0
21 217797 |G 2 2 |1.0
22 |2/8/97 |D| 14 3 4.7
23 |[2/8/97 |[S| 10 2 |5.0
24 |[2/8/97 |G 3 1 [3.0
TOT 321 |94 [3.415
Colum 1 is the record nunber
Colum 2 is the Date
Colum 3 is the shift designator
Colum 4 is Nunber of defects
Colum 5 is the Units Inspected
Colum 6 is the nunber of defects per unit
QUESTI ONS:
What shoul d be done?
1. Ascertain assignabl e causes.
2. Ascertain variation of the process.
3. Ascertain howto inprove the quality |levels of the
Process.
4. Make a ‘u control chart.
5. What is the average nunber of defects?
6. Did you nake a Pareto chart by Day?
7. Did you nake a Pareto chart by Shift? Nunmber Defects,
Aver age Defects?
8. Is the contractor’s process in control ?
9. What did you find out?
10. Make a trend chart. Is there a trend? Does it

matter?

11. What action should be taken?



EXAMPLE #7

NOTE: Just as in the ‘p’ chart, the upper and lower
control limits must be re-calculated for each different
number of units inspected. The formulas are as follows:

CL = Total Defects = 321 = 3.415 = u
Total Units Insp 94

FORN=4

UCL = u +3\/E = 3.415 + 3V 3.415 = 6.187
Yar vV 4

LCL = u -3 Vu = 3.415 - 3V 3.415 = 0.643




EXAMPLE #7

‘U CHART
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EXAMPLE #7

BAR CHART BY DAY

Hillli
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EXAMPLE #7

TREND CHART BY DAY

DEFECTS
PER UNIT

o = N w AN (@) ] (@))
&o
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EXAMPLE #7

PARETO BY SHIFT
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B DEFECTSALL SHIFTS




EXAMPLE #7

DEFECTSPER UNIT BY SHIFT
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EXAMPLE #7

Nonconfor mities by Shift by day

DATE
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—— SHIFT #1 DAY
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SUMMARY

The ‘U Chart should have told you that the process is out
of control. The trend chart al so should have told you that
the process seens to getting worse. The |ast 3 days showed
t he hi ghest defects per unit. The non-conformties by shift
chart is inconclusive because the nunber of units is a
vari able. The Pareto chart ‘Defects By Shift’ really tells
us nothing but, the Pareto chart ‘Defects Per Unit By Shift
seens to show that the Swing shift is definitely producing
nore defects per unit. Investigation of the follow ng
shoul d be nade:
1. Wiy nore defects per unit is increasing.
2. Wiy the 2" shift is producing nore defects per
unit.
3. \Wat special / assi gnabl e causes occurred on the 5'
and 6'" of February.
Once these questions are finally answered then, and only
then, can the investigation of this process reach
concl usi on.



Exanpl e #8
This exanple is for a DCMC i n-plant or staff
speci al i st

A plant process assenbles transm ssions. Each day a
random sanple | ot of 200 are drawn and inspected. This is
not the contractor’s final inspection however, it does
involve an over-all functional test of the device.

Revi ew of the data reveals that on Decenmber 15'"
(sampl e #5), the nunber of defectives was extrenely high.
Also, it was noted that the range of nunber of defectives
found varied greatly fromday to day. The kinds of defects
bei ng found were not provided. What should be investigated?
Note that an attribute 'np' chart is the nost effective way
of nonitoring a process when the sanple size is |large
(greater than 50) and the sanme nunber of sanples are al ways
taken, or at least lie within 25% of each other. For
exanple, if you took 200 units on day and 180 the next, you
woul d still be able to use an “np” chart since 180 and 200
are well within 25% of one another. Let us first |ook at
the “np” chart and see what it tells us.

Conpany Supplied Data Sheet:

1 12/11/97 | 200 23 770
2 12/12/97 | 200 15 770
3 12/13/97 | 200 17 770
4 12/ 14/ 97 | 200 15 770
5 12/ 15/ 97 | 200 41 770
6 12/16/97 | 200 0 770
7 12/17/97 | 200 25 770
8 12/18/97 | 200 31 770
9 12/19/97 | 200 29 770
10 12/ 20/ 97 | 200 0 770
11 12/21/97 | 200 8 770
12 12/ 22/ 97 | 200 16 770

Colum 1 is the record number
Colum 2 is the Date

Colum 3 is the sanple size
Colum 4 is Nunber of defectives
Colum 5 is the Units Inspected
Colum 6 is the work center nunber



QUESTI ONS:

What shoul d be done?

s the process in control?

Are there special causes present?

| f so, do we know what they are?

What are the defects that are being found?

Can we find out?

Are the same inspectors always inspecting?

I f you found out the types of defects, is it necessary
to put themon a Pareto chart?

8. What action should be taken?

NogkwhE

ANSVEERS:

1. The inspection station had 31 different possible
defects that could cause the unit to be defective.

2. The contractor has been working the problem and has
narrowed the problemdown to 9 major defects that were
causi ng the defectives.

3. Separate charts were being devel oped to track each of
t he nine maj or defects.



EXAMPLE #8

NOTE: Just as in the ‘c’ chart, the upper and lower control

limits remain constant throughout the ‘np’ chart. The formulas
are as follows:

CL = np p = Total Defectives = 220 x 200 = 18.33

n =200 Total Units Insp 2400
UCL = np +3 Vnp(1-p) = 1833 + 3(4.08) = 30.57
LCL = np -3 Vnp(1-p) = 18.33 - 3(4.08) = 6.09



Defectives

EXAMPLE #8

‘np’ CHART
50
40
4, | UCL =3057 .
CL =18.33
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SUMMARY

Your ‘np’ chart should have showed you that the process is
conpletely out of control. Although the contractor seens to
be headed in the right direction on the defects problem the
out of control conditions/special assignable causes were not
addressed. Until the contractor can identify what these
assi gnabl e causes are, he/she will be unable to maintain an
in-control process. Investigation nust be made to identify
t hese causes. Once addressed, The defect anal ysis now bei ng
performed by the contractor will help provide a better
process.



Exanpl e #9
This exanple is for a DCMC i n-plant or staff
speci al i st

After flowcharting a contractor’s operations and
di scussions with engineering and technical staff, John, the
i n-plant governnment representative, has determ ned that the
coating operation is a critical process that needs to be
nmoni tored. The neasurenent point of the coating process is
the weight of the coating after it has been applied to the
parts. This characteristic wll provide the best feedback
on the processes’ performance.

John has decided that since no variation can be
detected frompiece to piece within a subgroup, he will have
to utilize individual readings to track the process. One
part every 2 hours has been selected and the resultant data
recorded on the sheet below. The Individual ‘X and Myving
Range chart is used to nonitor processes in situations where
only one neasurenent/readi ng can be taken at any one tine (a
subgroup size ‘n’ of 2 or nore can not be obtained). The
coating specifications are: Upper Spec linmit 145 ny/ft?

Lower Spec Limit 125 ng/ft?
Mean Tol erance Di nension 135 ng/ft?
Conpany Supplied Data Sheet:

2/ 1/ 97 8am | 37.

2/ 1/ 97 10am | 38.

2/ 1/ 97 12pm | 33.

2/ 1/ 97 2pm | 30.

2/ 1/ 97 4pm | 35.

2/ 1/ 97 6pm | 38.

2/ 2197 8am | 32.

2/ 2197 10am | 33.

©| 0| N[O U | W[N] =

2/ 2197 12pm | 28.

10 2/ 2197 2pm | 33.

11 2/ 2197 4pm | 34.

12 2/ 2197 6pm | 38.

13 2/ 3197 8am | 33.

14 2/ 3197 10am | 31.

15 2/ 3197 12pm | 35.

16 2/ 3197 2pm | 32.

17 2/ 3197 4pm | 39.

18 2/ 3197 6pm | 31.

19 2/ 4197 8am | 36.

20 2/ 4197 10am | 35.

21 2/ 4197 12pm | 33.

22 2/ 4197 2pm | 39.

23 2/ 4197 4pm | 38.

24 2/ 4197 6pm | 34.

O N O W[ N O U1 00| N| U1 | W 00| Of O UT| 00| 00| | W| N W W W N
N[N N NN NN NN N NN NN NNNNINNININININ

25 2/ 4197 8pm | 32.

Field 1 is Sanple Nunber Field 4 is the measurenent
Field 2 is the Date Field 5 is the tank Nunber



Field 3 is the tine collected

QUESTI ONS:

What shoul d be done?
1. Is there an SPC chart that was made expressively for this

type of

ONoOTk W

ci rcunst ance?

Wiy is it necessary to have a nor nal
| f the process is not nornmal,
of chart we would use?
Can we ascertain whether the process is in control ?
Can we performa capability study?

VWhat are our results?
What do they nean?
VWhat, if anything should be done?

di stribution?
woul d this change the type

After generating a histogramfrom 100 readings, it was
determ ned that the process IS normally distributed. This
will allow us to nonitor the process using an | ndividual
‘X and Moving Range Chart.

Extracted Reading Data from Data Set

1 27 17 97 8am | 37.2 X 2
2 2/1/97 |10am | 38.3 |[1.1 |2
3 2/1/97 [12pm [33.3 [5.0 |2
4 27 17 97 2pm [30.3 [3.0 |2
5 27 17 97 4pm [ 35.7 [5.4 |2
6 27 17 97 6pm [38.3 [2.6 |2
7 27 21 97 8am [32.1 | 6.2 |2
8 2/2/97 |10am | 33.8 |[1.7 |2
9 2/2/97 [12pm [28.8 [5.0 |2
10 27 21 97 2pm [33.5 4.7 |2
11 27 21 97 4pm [ 34.6 1.1 |2
12 27 21 97 6pm [38.0 [3.4 |2
13 27 3/ 97 8am [33.8 | 4.2 |2
14 2/3/97 |10am | 31.3 |[2.5 |2
15 2/3/97 [12pm [35.7 |[4.4 |2
16 27 3/ 97 2pm [32.5 [3.2 [2
17 27 3/ 97 4pm [39.7 [7.2 |2
18 27 3/ 97 6pm [31.8 |7.9 |2
19 27 47 97 8am | 36.5 | 4.7 |2
20 2/ 4797 |10am | 35.0 |1.5 |2
21 2/4/97 [12pm [33.2 [1.8 |2
22 27 47 97 2pm [39.3 [6.1 |2
23 27 47 97 4pm [38.6 |0.7 |2
24 27 47 97 6pm [34.2 4.4 |2
25 27 47 98 8pm [32.5 [1.7 |2
Field 1 is Sanpl e Nunber
Field 2 is the Date
Field 3 is the tinme collected
Field 4 is the neasurement
Field 5 is the Myving Range

Field 6 is the Tank Nunber



EXAMPLE #9

Individual X and Moving Range Chart

NOTE: The formulas for the individual X and moving range
chart are probably the easiest of all control charts.. The
formulas for the Individual X chart are as follows:

CL=X=XX Where: X = individual readings
k k
A>

number of samples

2.66 value from

constants table for; n =1
UCL = X + A2R

LCL

X - A2R



EXAMPLE #9

Individual X and Moving Range Chart

The formulas for the moving range chart are as follows:

CL=R =XR Where: R = range

k-1 k-1 = number of samples less 1
D4 = 3.268 the value from the

constants table for;n =2
UCL

LCL

1
¢ | X |

+ D4R since 2 individual Xs were
- DsR used to find the range.

Ds = O from table foranyn< 6



EXAMPLE #9

Individual X and Moving Range Chart

NOTE: The formulas for the individual X chart are as follows: s:
CL=X=YXX = 8680/25 = 34.72
Kk A2 = 266, value from

constants table for; n = 1

R = 3.73, calculation
UCL = X + A2R = 3472 + (2.66*3.73) = 44.64

LCL = X - A2R = 34.72 - (2.66*3.7/3) = 24.81



EXAMPLE #9

Individual ‘X’ CHART

- UCL =44.64
¢ 40 [ CL=3472 AN 2N
g 30 ~
2
S 20 LCL=24.81
(@]
O 10
O r—+—1T 71— 719/ 19" "1 17T/ """*17T 1T "1 "1 1 T 1 1 "1 17 T 1T T T "1 T 1

I e R
SAMPLE NUMBER

—— UCL --Individual Xs(coating) LCL




The formulas for the moving range chart are as follows:

CL =R =XR
k-1

UCL = D4R

LCL = DsR

EXAMPLE #9

Individual X and Moving Range Chart

= 89.5/24 = 3.73

Ds= 3.268 forn=1and Ds
from the table forany n <6

(3.268*3.73)
(0.00*3.73)

12.19
0.00

0



Moving Range

EXAMPLE #9

Moving Range CHART

UCL =12.19
S\
Cl=373\ ,— RN
" LCL = 0.00 v =V
R I I B I
SAMPLE NUMBER
—-— UCL --MovingRange - LCL




EXAMPLE #9

Process Capability & Performance

A

c=R = 3793 = 3301 note: d, = 1.13for n=1or2
d, 1.13
TOT TOL = 20 = 1.010
6o 6(3.30)
This says the process is marginally capable. But, now let us
calculate the Cpk value.
Since the mean is closer to Cpl =
Cpk = Min(Cpl,Cpu) = Cpl = X-L.SL,L = 9.72 = .982
KTe} 3(3.3)
Where: Cpl is Cp lower Cpk is always the minimum of the

Cpuis Cp upper  two values, therefore Cpk =.982

Cp =




SUMMARY

Since we are only charting individual values and not
averages, we do not have the Central Limt Theorem working
for us. What does this nmean? The Central Limt Theorem
tells us that even if the data is not normal, taking
subgroups, will automatically normalize the data.
Nornmal i zed data i s Required when using vari abl es, (Xbar

and R), SPC charts. But, since you are unable to obtain
subgr oups under these circunstances, the distribution of al
single values collected for the Individual ‘X chart, nust
be normal. The control chart should have infornmed us that
the Coating process is in control. The Capability analysis
shoul d have declared that the process was nmarginally
capable, Cp = 1.01. However, the statistical analysis for
performance cal cul ated Cpk = .982. This is very close to
mar gi nal |y neeting specifications. Wien rounded the val ue
actually equals one. Calculations of this type are not that
accurate. Be very careful about rejecting a process as not
nmeeting specifications with nunbers like this. True as

al ways, there is area for continuous inprovenent by

el imnating sone in-process variation.



Exanpl e #10
This exanple is for a DCMC i n-pl ant speciali st,
staff specialist and/or engineer

Ken’s machi ne shop is manufacturing parts that nust
be cadm um plated prior to use. The itemdraw ng specifies
only dinmensions after plating. Ken nust decide on what
di mensi ons he needs to list on the operational procedures
for his machinist to work to, in-order to neet the after
pl ati ng requirement on the drawi ng. Ken knows from past
performance that the plating process utilized will yield a
t hi ckness that ranges from.002” to .005". Fromthis
informati on Ken has derived the follow ng target val ues.

Par t Dr awi ng Requi renents Target Val ue
A 3.750 + .010 3.745 + . 007
B 5.125 + .008 5.121 + .006
C 2.126 + .013 2.122 + .011
D 2.760 + .009 2.756 + .007

Claudia is the Governnment engi neer assigned to Ken's
Facility and has been asked by the buying command to nonitor
this process. However, very few nunbers of each of the 4
parts are made. Ken has zeroed out his gages to the target
val ues so that the digit(s) obtained fromhis in-process

i nspections is in thousandths. Target Charts are control
charts utilized to nonitor a process which produces a
particul ar characteristic on different parts. They track
variation of a process froma set target value. For
exanple, wthout the coating process the target value could
wel | be the nom nal value or nean tol erance di nension.

QUESTI ONS:

What shoul d be done?

How is Caudia going to nonitor this process?

Are there any criteria that will not allow you to pl ace
all the parts on the sane control chart?

What does the Control chart tell you?

What nmust be done with the ranges?

Can Cp and Cpk val ues be obtained for the whol e process
or nust they be calculated for each part?

How nuch stock can we take in the Cp and Cpk val ues.
VWhat do the results tell you?

N =

No kW



The follow ng table shows the data obtained during the in-

process inspection:
1 6/11/98 |A |45 | +2 | +1 | +8 +2. 7 4
2 6/15/98 |A|-4 | +3 0 |-1 -0.3 7
3 6/16/98 | A 0O |-2 |-1 |-3 -1.0 2
4 6/17/98 |B|-2 |+4 | +2 | +4 +1.3 6
5 6/19/98 |C|-5 | +3 0 |-2 -0.7 8
6 6/22/98 ([C|+1 | -3 |-5 |-7 -2.3 6
7 6/23/98 | D 0 [-1 [+1 0 0.0 2
8 6/26/98 |B|-2 |45 | +4 | +7 +2. 7 7
9 6/30/98 | B O |[+4 | +1 | +5 +1.7 4
10 7/07/98 |[B|-2 |-1 [-3 |-6 +2.0 2
11 7/09/98 |[D|-3 [+2 [-1 [-2 -0.7 5
12 7/10/98 |D|+4 |[-3 [-1 0 0.0 7
13 7/11/98 |[D|+4 | +2 | +4 | +10 | +3.3 2
14 7/17/98 |D|-2 | +4 | +1 | +3 +1.0 6
15 7/18/98 [C|-2 [+1 [-2 |[-3 -1.0 3
16 7/19/98 {[C|-1 |-1 |[+1 |-1 -0.3 2
17 7/21/98 | C O |+1 |-2 |-1 -0.3 3
18 7/22/98 |[C|+1 | -1 |+2 | +2 +0.7 3
19 7124/ 98 | A | +3 0 |-4 |-1 -0.3 7
20 7/25/98 A | +1 | -3 |-2 | -4 -1.3 4
Sum +2.8 | 90

Field #1 Sanpl e Nunber
Field #2 Date

Field #3 Part designation
Field #4 Readi ng #1

Field #5 Readi ng #2

Field #6 Readi ng #3

Field #7 Sum

Field #8 Xbar or Average
Field #9 Range

NOTE: The readings for all the parts are the +/- differences
in thousandths fromthe target val ues.



EXAMPLE #10

Target Xbar & R Chart

NOTE: The formulas for theTarget Xbar & R chart are the

same as for the regular variables Xbar & R chart. The formulas
for the Target X chart are as follows:

CL=X-= E;( Where: X = individual readings
k k = number of samples
A2 = 1.02 value from

constants table for; n =3
UCL

LCL =



EXAMPLE #10

Target Xbar & R Chart

NOTE: The calculations for the target Xbar chart are as follows:
CL=X=YXX = 280/20 = 0.14
n A2 = 1.02, value from

constants table for; n =3

R = 450, calculation

UCL = X + A2R = 0.14 + (1.02*4.50) = 4.70

LCL = X - A2R = 014 - (1.02*4.50) = -4.46



Target difference

o A N O N M O

EXAMPLE #10

TARGET Xbar CHART

/\

| ‘*/I I\ | | | | \BI/)/ | | I\/
AAABG@%BB bDDDCECCCARA

7

LCL =-4.46

PART

I i | I I I I I I I 1

—— UCL -- Differencefrom Target LCL




EXAMPLE #10

Target Xbar & R Chart

The formulas for the Target range chart are as follows:
CL = E =X R Where: R = range
T k = number of samples
D4 = 2.57 the value from the

constants table for, n =3
UCL

LCL

D4E Since 3 were used to find the

DsR range, Dz = 0 from table for any

n< 6



EXAMPLE #10

Target Xbar & R Chart

The formulas for the Target range chart are as follows:
CL=R =XR = 90 = 450
k20
D4 = 2.57 the value from the

constants table for; n =3
UCL = D4R = (2.57)45 = 11.565 = 11.6

LCL = DsR = (000)45 = 0.00 0

Ds = O from table foranyn< 6



RANGE

14
12
10

EXAMPLE #10

RANGE CHART

o N M OO ®
L 1 e

UCL = 11.60
__/éﬁzg I\ \ \
__':éém% NN N

AAABCCDBBBDDDDCCCCAA
PART

- UCL -—-Range + LCL —




EXAMPLE #10

Target Xbar & R Chart

NOTE: The formula to see if any one part may be charted with
all of the others on a Target chart is:

77< R

Reuspect <13 eg. Part“D” R =22 = 44
Rtotal 5
Ripq = 20-22 = 4533
Therefore: 20 -5

4.40 = .9713 which is greater than .77 and less than 1.3
4.53 Part “D” can be plotted with the rest.



EXAMPLE #10

Capability Parts A,B,C & D

A
o,= R = 480 = 2.840
d, 1.69
Cp = TOILTOL = 14 = 0.822
6o, 6(2.840)

This says that Part ‘A’ is not capable but close to the border
line. Remember, Calculating Cpk, values are not necessary

when the Cp value tells us that the process is not capable.
A

c =R = 475 = 2810

Pog, 1.69

Cp = TOITOL = 12 = 0.712
B 60, 6(2.810)

Same analogy as in Part ‘A’, Part ‘B’ is also not capable.



SUMMARY

The Short Run “Target” chart is used to nonitor processes in
situations where the sane process produces only a snal
nunber of many parts. The range variation fornula wll

det erm ne whet her or not one individual part may be charted
with the others; but remenber, you nmust have at |east ten
points for the part before you can nmake this determ nation
You nust al so renmenber to back out fromthe range average
all suspected part ranges. W nust be extrenely careful
when cal cul ating the Cp and Cpk values. First of all, Cp
and Cpk values are not valid for the process; just

i ndi vi dual parts. Also, a small nunber of readings pretty
much invalidates Cp and Cpk values. As, you obtain nore
reading the Cp and Cpk value validity will get stronger.
The control chart should have told you that the process
seens to be in control. Using the current data, the
Capability study should have told you that Parts A B and D
are not capable and part Cis marginally capable. Note
however, that since you have too few points at this tine,
not hi ng yet can be firmy stated about process capability
and performance. 1In addition, since the capability of parts
A B and D were fairly close to one, capturing additional
measurenents may i ndeed show these parts as being capable.



EPILOGUE

Thi s docunent provides guidance on the use of statistical
tools. | was an attenpt to reacquai nt DCMC personnel wth
Statistical Process Control (SPC) charts and the inportance
of their use when nonitoring a process. The inportance of
using SPC and other statistical tools cannot be overstat ed.
Continuous quality inprovenent is a basic concept currently
enbedded in the Departnent of Defense (DOD)/ Defense

I ndustries Quality Excellence Program The DOD has stated
that Mlitary and Federal Specifications which prescribe
fixed |l evel s of nonconformances, such as Acceptable Quality
Level s (AQLs) and Lot Tol erance Percent Defectives (LTPDs),
inhibit quality inprovenents and effective conpetition
based on excell ence, and should be elimnated. Wile
Mlitary and Federal Specifications may continue to utilize
sanpling techni ques, DoD procurenent activities have been
instructed not to include prescribed AQLs and LPTDs or
other requirenments for fixed | evels of nonconformances.

The DoD pronotes the use alternate nethods of acceptance to
sanpling, and specifically endorses the inplenentation and
use of an SPC program Realizing, that nost DCMC personnel
took a course in SPC over 10 years ago, this guide of

wor ked out SPC and ot her statistical problens is offered
for your assistance. Please address any comments to Rich
Zerilli at 703 767-3371 or DSN 427-3371 or E-MAIL
richard_zerilli@gq.dla.ml.



